Introduction

45
The Lorenz Energy Cycle (Lorenz 1955 ) provides an instructive approach to a quantitative 46 investigation of the energetics of the atmosphere. The uneven spatial distribution of diabatic 47 heating in the atmosphere results in an increase in available potential energy which is converted 48 consequently to kinetic energy maintaining the circulation of the atmosphere against friction.
49
Grounded on this theory, creation of kinetic energy at the expense of available potential energy 50 can be decomposed into a contribution from the meridional overturning circulation, denoted as
51
, and a contribution from eddies, denoted as . Several groups (e.g., Krueger et al. 1965 ; equator. The air is less dense as a consequence, rising due to buoyancy, cooling in the process.
116
Reaching the top of the convection cell, the air moves northward, cooling as it radiates more 117 energy than it absorbs before sinking eventually in the northern sub-tropics (Marshall and Plumb 118 2008). The loop is completed as the air moves back across the equator at the surface.
119
As an example of how work is produced by completing travel around one loop of the cell, we between loops 1 and 2 is specified by .
160
For each Hadley cell, the associated power may be calculated according to:
161
Based on the assimilated meteorological data adopted here to define conditions over the past 32 The long-term variation of the power contributed by both cells is plotted in Fig. 2d , covering the and 1999 (Fig. 5c) . The correlation between the heat absorption rate and the ENSO index shown 235 in Fig. 5c is less, 0.32, reflecting presumably the fact that the ENSO phenomenon is more 236 localized in the Pacific region rather than distributed over the entire domain of tropical latitudes. kJ. The corresponding P-ΔV diagram is presented in Fig. 6c . The T-S cycle in Fig. 6d is much 247 rounder than that in Fig. 1d , reflecting the stronger temperature contrast at mid-latitudes,
248
indicating the high efficiency of the Ferrel system in consumption of kinetic energy (Lorenz 249 1967).
250
The coefficient of performance (COP) of the loop is defined by: 
268
Heat is released at the warmer area of the Ferrel system at a rate of (3.3 PW + 275 TW) = 3.6 269 PW. (Fig. 5b) .
281
Regarding the energetics of a Hadley cell, we conclude that, in addition to the absolute value of 282 the mass stream function, the thermodynamic efficiency is an important factor in determining the undergone statistically significant poleward expansion in the past few decades (Hu and Fu, 2007) .
286
As the Hadley circulation expanded, the temperature and pressure profiles adjusted accordingly.
287
The present results fail to indicate any statistically significant trend in the thermodynamic 
